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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a method of forming a conductive 
structure consisting of copper on a semiconductor substrate. 
SOLUTION: This method includes a step of piling a copper containing 
materials (24, 28, 30) on a substrate 10, a step selectively oxidizing a part 
(layer 30) of the copper-containing materials, a step removing an oxidized 
part of the copper-containing materials. Desirably, the copper containing 
materials (24, 28, 30) are essentially constituted of pure copper or 
copper-doped aluminum (desirably, copper-doped aluminum contains copper 
at least 0.5wt.%, more desirably 0.5-4wt.%). On one part of the copper 
containing materials (24, 28, 30), a mask 32 is formed so as to delay 
oxidation of the copper-containing materials (24, 28, 30). desirably, a step 
removing an oxidized part of the copper-containing materials is performed by 
chemical-mechanical grinding of the oxidized part, etching of the oxidized 
part of combination of two processes. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Generally especially this invention relates to forming and removing a part of 

structure containing copper about a semiconductor-device manufacture. 

[0002] 

[Description of the Prior Art] The semiconductor device of a future generation is considered that a size becomes small gradually 
and the required power is reduced. Therefore, sheet resistance is low and the upper wiring must have a good electromigration 
property. It is shown as a solution of these problems that copper is made to inner-** into aluminum structure with formation of a 
contact / beer / wiring, and a metal wiring of a related pure copper. However, copper structure and the high copper dope 
aluminum structure of a copper content are difficult etching. For this problem, after cutting out a contact / wiring / beer, and the 
related upper metal structure from the dielectric layer between layers using a******** process, there is also a semiconductor 
manufacturer who considers forming the pattern which is made to deposit a wiring material (substantially pure copper [ Copper 
dope aluminum ]), and embeds a wiring material. However, in order to remove the arbitrary superfluous materials on the 
dielectric materials between layers, you have to carry out elimination / flattening processes of a certain format (chemical 
machinery poUshing, CMP, etc.). 
[0003] 

[Problem(s) to be Solved by the Invention] By the copper film or copper dope aluminum layer whose copper is at least 1 to 2 % 
of the weight, general elimination / flattening process do not operate well. Especially the layer containing a lot of copper is very 
difficult to tend to produce a smear in CMP process and to detect an end point using standard CMP process. Furthermore, since it 
is diflficult to conclude when CMP process should be stopped, a typically excessive material is removed from a contact / beer / 
wiring field (generally called a "dishing"), and it is are not desirable. Furthermore, (since elimination of the aluminum layer with 
which copper is doped by the copper film or high concenfration is related), there are other problems, such as copper sublation, 
sublation of a lower layer barrier layer, erosion of copper structure, and the cauterization of copper structure, in typical CMP 
process. 
[0004] 

[Means for Solving the Problem] The example of this invention is the technique of forming the electric conduction structure 
which consists of copper on a semiconductor substrate, and this technique contains the step which deposits a copper inclusion 
material on a subsfrate, the step which oxidizes a part of copper inclusion material alternatively, and the step which removes the 
fraction into which the copper inclusion material oxidized, preferably, the copper inclusion material is substantially constituted by 
a pure copper or copper dope aluminum (desirable ~ copper dope aluminum ~ at least 0.5% of the weight of copper ~ 0.5 to 4% 
of the weight of copper is included more preferably) a part of copper inclusion material — a mask can be formed upwards and 
oxidization of the copper inclusion material under it can be delayed The step which removes preferably the fraction into which the 
copper inclusion material oxidized is carried out with etching of the fraction which chemical-machinery-ground the fraction which 
oxidized and oxidized, or the combination of two processes. 

[0005] Another example of this invention is the formation technique of the wiring / contact / beer to a semiconductor subsfrate 
top. this technique The step which prepares on a subsfrate the dielectric layer which has opening which extends from a top, a 
inferior surface of tongue, and a top to a inferior surface of tongue. The step which deposits the copper inclusion material 
arranged also on the top of a dielectric layer so that opening in a dielectric layer may be embedded substantially, the step which 
oxidizes a part of copper inclusion material, and the step which removes the fraction into which the copper inclusion material 
oxidized are included. Preferably, a copper inclusion material is substantially constituted by a pure copper or copper dope 
aluminum (at least 0.5% of the weight of copper is preferably doped by aluminum). In the example of both this inventions, while 
the copper inclusion material of the upper layer of a dielectric layer where all copper inclusion materials embed opening in a 
dielectric layer substantially preferably has not yet oxidized substantially, it oxidizes. The step which removes preferably the 
fraction into which the copper inclusion material oxidized contains the step which carries out chemical machinery polishing, the 
step which carries out a blanket dirty process, or the step which combined both. With the variation of this example of this 
invention, it does not oxidize easily and the mask which does not difl\ise oxygen easily in it is formed on the fraction which 
embeds opening in the dielectric layer of a copper inclusion material. 
[0006] 
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[Embodiments of the Invention] With reference to drawing 1 a- view 1 c, the gate structure 14 (it consists of the electric 
conduction gate, a gate insulator, and a side wall insulator) is formed in the substrate 10 upper layer after some standard 
processes. The source / drain field 12 is formed in a substrate 10. This example of this invention is explained about formation of 
the new wiring 24 (it can also consider as beer, a trench, or a contact), and the electric conduction wiring 28. However, this 
invention is also applicable to formation of the contact 1 8 and the electric conduction wiring 20. In practice, it can be used for 
forming both structure of these. When using it for the contact 18 and formation of a conductor 20, you have to warn against 
copper's exuding into a substrate 10 or the insulator 16, and degrading a device performance. When the new technique of this 
invention is not used for the contact 18 and formation of a conductor 20, contest polysilicon, a tungsten, titanium, TiN, the 
conductivity used conventionally [ arbitrary / other ], or a half-conductivity material can constitute them. 
[0007] After forming structures 18 and 20, the dielectric between layers 22 is formed. Preferably, the dielectric layer 22 is 
constituted by BPSG, PSG, the arbitrary spin-on glasses of a type, an oxide, TEOS, low k dielectric materials (an aerogel, a 
zerogel, or polymer with low specific inductive capacity), or the dielectric materials between layers that arbitrary others are large 
and is used, a ******** type process (shown in drawing 1 a- view 1 c) is used, and opening for a wiring forms in a dielectric 22 
~ having — another conductor - ** opening is formed in a dielectric 22 Preferably, these openings are formed using the standard 
technique of a typical ******** process. After forming these openings, a Uner / barrier layers 29 (the opening side face and a 
conductor pars basilaris ossis occipitalis of opening) and 3 1 (the best side of a dielectric 22) are formed (probably it is etched in 
the ****** location, or formed only in a certain location). Preferably, liners 29 and 31 are constituted by titanium, TiN, a 
tantalum, tantalum nitrides, or those arbitrary combination. 

[0008] Next, a copper inclusion material deposits and a contact / beer / wiring 24, and the electric conduction wiring 26 are 
fonmed with an over filling 30. Preferably, a copper inclusion material is substantially constituted by a pure copper or copper 
dope aluminum (preferably 1 -5 % of the weight copper, more preferably 2 -4 % of the weight copper). In order to remove an 
over filling 30 more easily, oxidizing a part of over filling 30 is included in the example of this invention. It is not necessary to 
oxidize over-filling 30 all. Preferably, many over fillings 30 oxidize as much as possible, without oxidizing a conductor 28 
substantially. An over filling 30 oxidizes the line 26 or near the most preferably. Then, it becomes much more easy to remove the 
over filling 30 which oxidized by CMP, wet etching, or dry etching, desirable - the oxygen (preferably beyond room temperature 
more preferably near 1 25 degree C) inclusion environments (02, 03, etc.) beyond a room temperature - a layer ~ **** - 
oxidization is performed by things This can be attained by arranging a semiconductor wafer in a diflusion furnace, short-time 
annealing kiln, or oven, and heating it within an oxidization inclusion environment. Elimination of a subsequent oxide film 
(preferably Cu2 O, CuO, or Cu04 layer) is preferably performed to wet etchant (preferably a dilution HCl solution or dilution H2 
S04 solution) by ****, the dry cleaning dirty technique and/, or CMP in a wafer. The result of this step is shown in drawing I c. 
Even if it removes, it is not necessary to carry out a liner 3 1 . The cauterization suppression step flooded with a benzo thoria sol 
(BTA), a ♦*♦♦** rear sol (TTA), BTA and KI solution or TTA, and KI solution in a wafer following this elimination step is 
performed most preferably. Preferably, a thin film is formed on a copper inclusion layer of this step, and it is removed behind. 
[0009] in the another example of this invention, the over-filling iraction 30 of a copper inclusion material oxidizes in part — 
having — a degree — sentiment dirty and dry cleaning — it is removed by dirty and/, or CMP This step is repeated several times 

until an over filling 30 is all removed (to-a line 26). , ,,,, 

[0010] In another example, the mask 32 which does not diffiise oxygen is formed on the over-filling material 30. Oxygen 
difliising the inside of the copper inclusion over filling 30 at high speed, and oxidizing the electric conduction wiring 28, and beer 
/ contact / wiring 24 preferably, is prevented by the mask 32. If oxygen diflftises the inside of the over-filhng material 30 in 
longitudinal direction, the fraction under a mask 32 will oxidize a little. The width of face of a mask 32 is changeable according to 
the width and the lengthwise diffusing capacity of oxygen passing through the over-filling field 30. 

[00 1 1 ] The device of drawing 2 a and drawing 2 b is almost the same as that of the device made fi-om drawing 1 a- view 1 c. 
However, the device of drawing 2 a and drawing 2 b does not use a ******** process. Therefore, another example of this 
invention is used for removing the garbage of an over filling 30. In this example of this invention, a part of over filling [ at least ] 
30 is **ed by the oxidization environment (preferably 02 or 03 in a diflusion furnace, a short-time annealing chamber, or oven) 
at an elevated temperature (it is preferably higher than a room temperature, and is near 120 degree C preferably). A mask 32 (it 
consists of a material which does not oxidize or does not let oxygen pass preferably, and is a nitride preferably) can be used, and 
oxidizaUon of the metal field 30 under a mask 32 and the remaining metallic conductor can be prevented or reduced. The mask 32 
is required when oxygen difiuses the inside of the copper inclusion material 30 in lengthwise at high speed. When there are 
whether there is any lateral diflusion in a high-speed diffusion or it is small, let a mask 32 be the width efface same at least as the 
electric conduction wiring 36. Since oxygen is spread down to a mask 32 when oxygen is spread in longitudinal direcfion (to 
some extent), it is necessary to make a mask 32 into double width rather than the electric conduction wiring 36. The mask 32 is 
uimecessary when oxygen is not spread in lengthwise at high speed. When a mask 32 is used, it is removed when an over-filling 
material is removed. Or although an oxidization step is continued until the over-filling fi-action 30 mostly oxidizes, don't continue 
too much for a long time so that oxidization of the grade sensed for the metal structure 24 or the remaining metal structure 36 may 
not arise. 

[001 2] Next, the fi-action into which the copper inclusion material 30 oxidized is removed by wet etching, dry etching and/, or 
CMP. The purpose is a thing of conductors 24 and 36 for which it enables it to remove the garbage of the copper inclusion layer 
30 easily, without [ electrically and ] degrading a reliabihty property substanUally. 

[001 3] /Mthough this invention has been explained with reference to an example, this specification does not have 



2 of 4 



2/14/02 2:33 PI 



constraint-implications. If it is this contractor and a specification will be read, not only another example of this invention but 
various corrections and combination of an example which were shown here will be understanding. All of such correction or an 
example shall enter in a patent claim. The following terms are further indicated about the above explanation. 
[0014] (1) It is the technique are the technique of forming copper electric conduction structure in up to a semiconductor substrate, 
and this technique contains the step which deposits a copper inclusion material on up to the aforementioned substrate, the step 
which oxidizes alternatively a part of aforementioned copper inclusion material, and the step which removes the fi-action by which 
oxidization of the aforementioned copper inclusion material was carried out [ aforementioned ]. 

[00 1 5] (2) It is the technique by which it is the technique of the 1 st-term publication, and the aforementioned copper inclusion 
material is substantially constituted by the pure copper. 

[0016] (3) It is the technique by which it is the technique of the 1 st-term publication, and the aforementioned copper inclusion 
material is constituted by copper dope aluminum. 

[001 7] (4) It is the technique are the technique of the 3rd-term publication and the aforementioned copper dope aluminum 
contains at least 0.5% of the weight of copper. 

[0018] (5) It is the technique of the Ist-term publication and the aforementioned copper inclusion material is the technique which 
a mask is formed upwards and enables it to delay oxidization of the aforementioned copper inclusion material under the 
aforementioned mask a part. 

[0019] (6) The aforementioned step which removes the fi-action which is the technique of the Ist-term publication, and by which 
oxidization of the aforementioned copper inclusion material was carried out [ aforementioned ] is technique enforced by chemical 
machinery polishing of the fi-action which oxidized. 

[0020] (7) The aforementioned step which removes the firaction which is the technique of the Ist-tenn publication, and by which 
oxidization of the aforementioned copper inclusion material was carried out [ aforementioned ] is technique etched and enforced 
in the fi-action which oxidized. 

[002 1] It is the technique of fomiing a wiring / contact / beer on a semiconductor substrate. (8) This technique The step which 
prepares the dielectric layer which has opening which extends fi-om a top, a inferior surface of tongue, and the aforementioned top 
to the aforementioned inferior surface of tongue on the aforementioned substrate. Technique containing the step on which the 
copper inclusion material arranged also on the aforementioned top of the aforementioned dielectric layer is made to deposit so that 
the aforementioned opening in the aforementioned dielectric layer may be embedded substantially, the step which oxidizes a part 
of aforementioned copper inclusion material, and the step which removes the fi-action by which oxidization of the aforementioned 
copper inclusion material was carried out [ aforementioned ]. 

[0022] (9) It is the technique by which it is technique given in an octavus term, and the aforementioned copper inclusion material 
is substantially constituted by the pure copper. 

[0023] (10) It is the technique by which it is technique given in an octavus term, and the aforementioned copper inclusion 
material is constituted by copper dope aluminum. 

[0024] (1 1) It is the technique by which it is technique given in an octavus term, and the aforementioned copper inclusion 
material is constituted by the aluminum which had at least 0.5% of the weight of copper doped. 

[0025] (12) Howto oxidize [while the -aforementioned copper inclusion material- where it is technique given in an octavus term,' 
and all embed the aforementioned opening in the aforementioned dielectric layer substantially substantially / the copper inclusion 
material of the upper layer of the aforementioned dielectric layer / has not yet oxidized substantially ]. 
[0026] (13) The aforementioned step which removes the fi-action which is technique given in an octavus term, and by which 
oxidization of the aforementioned copper inclusion material was carried out [ aforementioned ] is the technique containing the 
step which carries out chemical machinery pohshing. 

[0027] (14) The aforementioned step which removes the fi-action which is technique given in an octavus term, and by which 
oxidization of the aforementioned copper inclusion material was carried out [ aforementioned ] is the technique containing the 
step which carries out a blanket dirty process. 

[0028] ( 1 5) Technique formed on the aforementioned fi-action where the mask which it is technique given in an octavus term, and 
it does not oxidize [ mask ] easily and does not difiuse oxygen easily embeds opening in the aforementioned dielectric layer of the 
aforementioned copper inclusion material. 

[0029] (16) The example of this invention is the technique of forming the electric conduction structure which consists of copper 
on a semiconductor substrate, and this technique contains the step which makes a copper inclusion material (metallic materials 
24, 28, and 30) deposit on a substrate (substrate 10), the step which oxidizes alternatively a part of copper inclusion material 
(layer 30 of drawing 1 b and drawing 2 a), and the step which removes the fi-action into which the copper inclusion material 
oxidized. Preferably, a copper inclusion material is substantially constituted by a pure copper or copper dope aluminum (copper 
dope aluminum contains 0.5 to 4% of the weight of copper more preferably at least 0.5% of the weight), a part of copper 
inclusion material ~ a mask (mask 32 of drawing 1 b and drawing 2 a) can be formed upwards, and oxidization of the copper 
inclusion material under a mask can be delayed The step which removes preferably the fi-action into which the copper inclusion 
material oxidized is carried out with etching of the fi-action which chemical-machinery-ground the fraction which oxidized and 
oxidized, or the combination of two processes. 
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